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(57] ABSTRACT

A magnetic recording medium and its manufacturing
method are disclosed. The medium comprises a non-

‘magnetic support and, provided thereon, a first mag-

netic layer coated by a first magnetic coating solution
and a second magnetic layer coated by a second mag-
netic coating solution in this order, wherein a dry thick-
ness of the first magnetic layer represented by pm, ty, a
dry thickness of the second magnetic layer represented
by um, t2, the solid content of the first magnetic coating
solution represented by weight %, Wi, and the solid
content of the second magnetic coating solution repre-
sented by weight %, W have the following relation,

2.0=(t) /W) 7 (ta/W2)=15.0

12 Claims, 2 Drawing Sheets
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MAGNETIC RECORDING MEDIUM AND
METHOD OF MAKING IT

FIELD OF THE INVENTION

The present invention relates to a magnetic recording
medium such as a magnetic tape, a magnetic sheet or a
magnetic disk, and a method of making the medium.

BACKGROUND OF THE INVENTION

In general, magnetic recording mediums such as mag-
netic tapes are prepared by applying to a support a
magnetic coating solution comprising a magnetic pow-
der, a binder resin and so forth, followed by drying.

In recent years, in magnetic recording mediums used
for video recording that particularly requires short-
wave recording, a medium having a plurality of mag-
netic layers has been proposed, which are provided so
that the magnetic recording capacity can be increased
or the magnetic recording performances in both the
high frequency region and low frequency region of the
medium can be improved and balanced {see Japanese
Patent Publication Open to Public Inspection (hereinaf-
ter referred to as Japanese Patent O.P.]. Publication)
No. 98803/1973, Japanese Patent O.P.1. Publication No.
172142/1984, Japanese Patent Examined Publication
No. 2218/1957, Japanese Patent O.P.1. Publication No.
64901/1976, Japanese Patent Examined Publication No.
12937/1981, etc.}.

In such conventional mediums, however, no satisfac-
tory conditions have been found when an upper mag-
netic layer must be formed with good surface character-
istics on account of the influence of a lower magnetic
layer or the correlation in the coating conditions for the
upper and lower magnetic layers must be determined 1n
order to make appropriate the surface characteristics of
the medium to achieve a high output and a high S/N
ratio. As a result, in some instances the medium may be
so excessively mirror-surfaced that the rubbing noise
may increase in the course of its travel or that the C/N
ratio (carrier-to-noise ratio) may be excessively lowered
in the case when the surface of the medium is rough.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
magnetic recording medium having good surface char-
acteristics, and also to provide a method of making such
a medium.

The present invention provides a magnetic recording
medium comprising a non-magnetic support and, pro-
vided thereon, a first magnetic layer coated with a first
magnetic coating solution and a second magnetic layer
coated with a second magnetic coating solution in this
order, wherein a dry thickness of the first magnetic
layer represented by um, tj, a dry thickness of the sec-
ond magnetic layer represented by um, t2. the solid
content of the first magnetic coating solution repre-
sented by weight %, Wi, and the solid content in said
second magnetic coating solution represented by
weight %, W3 have the following relation,

20=(t1/W))/(ty/W2)=15.0.

The present invention also provides a method of
manufacturing a magnetic recording medium compris-
ing coating, on a non-magnetic support, a first magnetic
layer with a first magnetic coating solution and a second
magnetic layer with a second magnetic coating solution

2

in this order, wherein a dry thickness of the first mag-
netic layer represented by um, tj, a dry thickness of the
second magnetic layer represented by um, tz, the solid
content of the first magnetic coating solution repre-
sented by weight %, W;, and the solid content in said
second magnetic coating solution represented by
weight %, W, have the following relation,

2.0=(11/W1)/(12/W2)=15.0.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross section of an example of magnetic
recording mediums. .

FIG. 2 is a schematic illustration of an apparatus for
making a magnetic recording medium.

FIG. 3 is a graph to show changes in characteristics,
that depend on coating conditions.

DETAILED DESCRIPTION OF THE
INVENTION -

The present inventors made various studies on mag-
netic recording mediums having a plurality of magnetic
layers as described above. As a result, they have discov-
ered that the problems conventionally involved as dis-
cussed above can be well eliminated when the ratio of a
dry coating thickness of a first magnetic layer (lower
layer) to the solid content of a first magnetic coating
solution and the ratio of a dry coating thickness of a
second magnetic layer (upper layer) to the solid content
of a second magnetic coating solution satisfies a given
relationship between the respective layers. The above
ratio can be individually determined at the time the
respective layers are formed by coating. It, however,
has been found that it is difficult to obtain the desired
surface characteristics if the ratio is independently de-
termined for each layer and therefore it 1s indispensable
for the ratio to be determined in a relative manner be-
tween the layers. They thus have reached the conclu-
sion that the magnetic coating solutions must be apphed
within the above range of the present invention, l.e.,
2.0=(t1/W1)/(t2/W32)=15.0.

More specifically, if (t1/W1)/(t2/W2) is less than 2.0,
the surface of the medium is excessively mirror-sur-
faced and smoothened because of a relatively too thin
lower magnetic layer or a relatively too high concentra-
tion of a solid in the coating solution therefor (stated
conversely, because of a relatively too thick upper mag-
netic layer or a relatively too low concentration of a
solid in the coating solution therefor), resulting in an
extremely large rubbing noise. On the other hand, if
(t;/W1)/(t2/W3) is more than 15.0, the surface of the
medium tends to become rough because of a relatively
too thick lower magnetic layer or a relatively too low
concentration of a solid in the coating solution therefor
(stated conversely, because of a relatively too thin
upper magnetic layer or a relatively too high concentra-
tion of a solid in the coating solution therefor), resulting
in an extreme lowering of the characteristics such as
output (for example, a lowering of C/N ratio). Hence, it
is essential and indispensable for the (t1/W1)/(12/W3) to
range from 2.0 to 15.0, in order to simultaneously satisfy
the contradictory characteristics such as rubbing noise
and C/N ratio. This is the range that has been discov-
ered for the first time by the present inventors as a result
of their repeated studies. In a more preferred embodi-
ment, this range should be from 5.0 to 10.0.
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As FIG. 1 shows, the magnetic recording medium of
the present invention comprises, for example, a non-
magnetic support 1 made of polyethylene terephthalate
or the like, and a first magnetic layer 2 and a second
magnetic layer 4 which are superimposed on the sup-
port in this order. A back coat layer 3 1s also provided
on the support surface opposite to the surface on which
the above layers are superimposed. This layer, how-
ever, may not necessarily be provided. On the second
magnetic layer, an overcoat layer may be provided.

In the magnetic recording medium as shown in FIG.
1, the first magnetic layer may preferably have a dry
coating thickness of from 1.5 to 4.0 pm. The second
magnetic layer may preferably have a dry coating thick-
ness of not more than 1.0 um, and particularly from 0.3
to 1.0 pm.

The first and second magnetic layers 2 and 4 contain
magnetic powders. Such magnetic powders include
various ferromagnetic powders as exemplified by 1ron
oxide magnetic powders such as y-Fe;0O3, Co-contain-
ing y-Fe203, Fe304, and Co-containing Fe3Og4; and
metal magnetic powders mainly composed of Fe, Ni
and/or Co, such as powder of Fe, Ni, Co, an Fe-Ni1-Co
alloy, an Fe-Ni alloy, an Fe-Al alloy, an Fe-Al-N1 alloy,
an Fe-Al-Co alloy, an Fe-Mn-Zn alloy, an Fe-Ni-Zn
alloy, an Fe-Al-Ni-Co alloy, an Fe-Al-Ni1-Cr alloy, an
Fe-Al-Co-Cr alloy, an Fe-Co-Ni-Cr alloy, an Fe-Co-Ni1-
P alloy, or a Co-Ni alloy.

Of these magnetic powders, suitable powder may be
selected for the above magnetic layers 2 and 4. For
example, in the upper layer 4, a powder with a coersive
force (Hc) higher than that of the lower layer 2 may be
used to give a medium with a high output and good
frequency characteristics.

Lubricants as exemplified by silicone oil, graphite,
molybdenum disulfide, tungsten disulfide, a monobasic
fatty acid having 12 to 20 carbon atoms, such as stearic
acid, and an ester of a fatty acid having 13 to 40 carbon
atoms, abrasives as exemplified by fused alumina, and
antistatic agents as exemplified by carbon black and
graphite may also be added in the magnetic layers.

Binders that can be used in the magnetic layers 2 and
4 may preferably include those having an average mo-
lecular weight of from about 10,000 to about 200,000, as
exemplified by vinyl chloride/vinyl acetate copolymer,
vinyl chloride/vinylidene chloride copolymer, vinyl
chloride/acrylonitrile copolymer, urethane resins,
butadiene/acrylonitrile copolymer, polyamide resins,
polyvinyl butyral, cellulose derivatives such as cellu-
lose acetate butylate, cellulose diacetate, cellulose triac-
etate, cellulose propionate and nitrocellulose, styrene/-

butadiene copolymer, polyester resins, various types of

synthetic rubbers, phenol resins, epoxy resins, urea res-
ins, melamine resins, phenoxy resins, silicone resins,
acrylic reactive resins, a mixture of high-molecular
polyester resin and isocyanate prepolymer, a mixture of
polyester polyol and polyisocyanate, urea formalde-
hyde resins, a mixture of low-molecular glycol, high-
molecular dio! and isocyanate, and mixtures of some of
these.

These binders may preferably be resins containing a
hydrophilic polar group such as —SO3;M, —COOM,
—PO(OM’),, wherein M represents an alkali metal such
as lithium, potassium or sodium, and M’ represents hy-
drogen, an alkali metal such as lithium, potassium or
sodium, or a hydrocarbon residual group. Namely, such
resins can improve compatibility with the magnetic
powders because of the polar group present in the mole-
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cule, thereby further improving dispersibility of the
magnetic powders. They can also prevent agglomera-
tion of the magnetic powders, more improving the coat-
ing solution stability, and moreover making it possible
to improve the durability of the medium.

Such binders, in particular, vinyl chloride copoly-
mers, can be obtained by copolymerizing vinyl chlonde
monomer with copolymerizable monomer containing
an alkali salt of sulfonic acid or phosphoric acid, and
other copolymerizable monomers optionally used.
These copolymers are polymerized by addition poly-
merization and hence can be synthesized with ease. At
the same time, the copolymerization components can be
variously selected, and hence the copolymer can be
controlled to have optimum properties.

The metal in the above-mentioned salt of sulfonic
acid or phosphoric acid is an alkali metal particularly
including sodium, potassium and lithium. The potassium
is particularly preferred in view of the solubility, reac-
tivity, yield, etc.

The magnetic coating solution according to the pres-
ent invention is prepared by dispersing magnetic pow-
ders, binders or other additives described above in a
solvent. The solvent used includes methyl ethyl ketone,
cyclohexanone, toluene or xylene.

In the case when the back coat layer 3 1s provided,
the above binder is incorporated with non-magnetic
particles such as barium sulfate, and the resulting com-
position is applied to the back of the support.

Materials that are used for the above support 1 in-
clude plastics such as polyethylene terephthalate and
polypropylene, metals such as Al and Zn, and ceramics
such as glass, BN, silicon carbide, porcelain and earth-
enware.

FIG. 2 shows an example of the apparatus for work-
ing the method of making the medium described above.

In this apparatus, a film-like support 1 fed from a feed
roll 32 is coated with the respective magnetic coating
solutions for the magnetic layers 2 and 4 by means of
extrusion coaters 10 and 11, respectively, in the manner
as previously described. Thereafter, the magnetic layers
are oriented with an orienting magnet 33. The support
with the magnetic layers thus oriented is led into a dryer
34, where it is dried by the blowing of hot air from
nozzles provided above and below it. Next, the support
1 with the coating layers thus dried is guided to a calen-
dering section 37 comprised of a combination of calen-
dering rolls 38, where it is calendered, and thereafter
wound up to a wind-up roll 39. The respective coating
solutions may be fed to the extrusion coaters 10 and 11
through a in-line mixer (not shown). In FIG. 2, the
letter D indicates the direction to which the non-mag-
netic base film is transported. The extrusion coaters 10
and 11 are provided with liquid reservoirs 12 and 13,
respectively, and the coating solutions from the respec-
tive coaters are overlapped by the wet-on-wet system.

EXAMPLES

The present invention will be described below in
greater detail by giving Examples.

The components, proportions, order of operations
can be varied so long as they may not deviate from the
concept or intention of the present invention. In the
following examples, “part(s)” is part(s) by weight n all
instances.
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Preparation of video tapes

The following magnetic coating solutions or coating
solutions for conductive layers were first prepared.

D
Magnetic coating solution A for upper layer 100 parts
Co-y-Fey0O3
(Hc = 900 Qe; average major axis length: 0.2 um)
Vinyl chlonide resin containing potassium suifonate 10 parts
(MR110; a product of Nippon Zeon Co., Ltd.) 10
Polyurethane resin 5 parts
(XE-1; a product of Takeda Chemical Industries,
Ltd.)
a-Al103 (average particle diameter: 0.2 um) 6 parts
Carbon black 1 part
Myristic acid 1 part 15
Stearic acid 1 part
Butyl stearate 1 part
Colonate L 3_parts
(a product of Nippon Polyurethane Industry Co.,
Ltd.)
(Subtotal: 130 parts) 20
(A) Methyl ethyl ketone
(B) Cyclohexanone
(C) Toluene
(A) + (B) + (C) (1:1:] ratio) X parts

in total
235

Solid content W3 (wt.%)=130/(130+X) X 100
where X represents the parts by weight that give the
values W5 shown in Table 1.

30
Magnetic coating solution B for lower layer 100 parts
Co-y-Feq03
(Hc = 700 Oe; average major axis length: 0.25 pm)
Vinyl chloride resin containing potassium sulfonate 10 parts
(MR 110; a product of Nippon Zeon Co., Ltd.)
Polyurethane resin 5 parts 35
(XE-1; a product of Takeda Chemical Industries,
Ltd.)
Myristic acid | part
Stearic acid I part
Buty] stearate ] part
Colonate L __ 3 parts 40
(a2 product of Nippon Polyurethane Industry Co.,
Ltd.)
(Subtotal: 123 parts)
(A) Methy! ethyl ketone
(B) Cyclohexanone
(C) Toluene 45
(A) + (B) + (C) (1:1:1 ratio) Y parts

in total

Solid content W1 (wt.%)=123/(123+Y) X 100

where Y represents the parts by weight that give the ,

values Wy shown in Table 1.

Next, on a polyethylene terephthalate base film of
14.5 um in thickness, the magnetic coating solution B
for the lower layer and the magnetic coating solution A
for the upper layer were successively applied in the way 4
as shown in Table 1, followed by orientation, drying,

and then calendering.
Thereafter, a back coat layer coating solution with

the following composition was applied to the surface
opposite to the side on which the magnetic layers are
provided, so as to give a dry thickness of 0.4 pm.

w_ﬂw

Carbon black (Raven 1035) 40 parts
Barium sulfate (average particle diameter: 300 um) 10 parts
Nitrocellulose 25 parts 65
N-2301 (a product of Nippon Polyurethane Industry 25 parts

Co., 1td.)

Colonate (a product of Nippon Polyurethane 10 parts

Industry Co., Ltd.)

-continued
Cyclohexane 400 parts
Methyl ethyl ketone 250 parts
Toluene 250 parts

Magnetic films with a large width were obtained In
this way and were wound up. The resulting films were

cut in a width of # inch to give video tapes as shown In
Table 1.

. TABLEI 00
Y, W) ¥ Wi
(um) (%) (um) (%) (t1/W1)/(t2/W2)
Example:
I 0.3 20 2.0 50 2.67
2 0.3 30 2.0 45 4.44
3 0.3 30 2.0 40 5.00
4 0.3 30 3.0 40 7.50
5 0.3 35 3.0 40 R.75
6 0.3 15 3.0 35 10.00
7 0.3 35 4.0 35 13.33
8 0.5 30 3.0 35 5.14
9 0.5 35 3.0 35 6.00
10 0.7 30 3.0 35 3.67
11 0.7 35 3.0 35 428
12 1.0 30 3.0 35 2.57
13 1.0 35 3.0 35 3.00
Comparative Example:
1 0.3 20 1.0 . 50 1.33
2 0.3 40 3.5 0 15.56
3 0.3 45 3.5 30 17.50
4 1.5 30 3.0 35 1.71

W
t5: Coating thickness after dried, of the upper magnetic layer

t;: Coating thickness after dried, of the lower magnetic layer

Ws: % by weight of the solid content in the coating solution for the upper magnetic
layer

W: % by weight of the solid content in the coating solution for the lower magnetic
layer

In respect of these video tapes, the following mea-
surement was made. Results obtained are shown in
Table 2 below. The measurement was made in the fol-
lowing way: C/N ratio:

Carrier-to-noise ratio. Noise ratio of reproduction
output when recorded using recording signals of a
single frequency of 4.5 MHz is measured.

Rubbing noise:

(Measurement procedure}

Manufactured by JVC, or an
amplifier of the same rank
For use in JVC HR-5700
S-VHS

Amplifier used:

Drum used:
Head used:

(i) Reproduction is carried out without the travelling
of a tape, and system noise is measured using a
spectrum analyzer.

(ii) Reproduction is carried out for 1 minute on a-
sample tape, and system noise is measured using a
spectrum analyzer. (1 Pass)

(iii) Reproduction is carried out 10 times for 1 minute
each on a sample tape, and system noise 1S mea-
sured using a spectrum analyzer. (10 Passes)

In all the above (i) to (iii), measurement is carried out
under environmental conditions of room tempera-
ture of 20°%x2° C. and relative humidity of
10+2%, in the state that the top cover of VTR has
been detached.

(iv) In respect of the noise level around 9 MHz, val-
ues of noise at the 10 passes are read on the basis of

system noise (0O dB).
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TABLE 2
C/N (dB) Rubbing noise (dBj
4.5 MHz 10 Passes
Example
1 +2.2 4 3.1
2 +2.0 +2.0
3 +2.0 + 1.8
4 +1.8 +1.0
5 + 1.7 +0.8
6 +1.6 +0.7
7 +1.4 +0.5
8 +2.0 + 1.7
9 + 1.9 + 1.3
10 +2.1 +2.5
11 +2.1 +2.2
12 +2.2 +3.2
13 +2.2 +2.9
__Comparative Example
1 +2.3 +6.5
2 0 +0.5
3 —0.9 +0.4
4 +2.3 +6.3

The results as shown in FIG. 2 are plotted in FIG. 3.

The mediums with a large C/N ratio and a small
rubbing noise can be prepared when the
(t1/W1)/(t2/W3) is in the range of from 2.0 to 15.0, the
range according to the present invention (Examples 1 to
13). Points of inflection are seen respectively at the
points corresponding to 2.0 and 15.0 in the above ratio.
Better results are obtained when the above ratio 1s set to
range from 5.0 to 10.0. On the other hand, the surface of
the medium is so smooth that the rubbing noise sud-
denly increases when the above ratio 1s less than 2.0
(Comparative Examples 1 and 4), and the C/N ratio is
extremely lowered because of the rough surface when
the above ratio is more than 15.0 (Comparative Exam-
ples 2 and 3).

What 1s claimed is:

1. A magnetic recording medium comprising a non-
magnetic support and, provided thereon, a first mag-
netic layer coated by a first magnetic coating solution
and a second magnetic layer coated by a second mag-
netic coating solution in this order, wherein a dry thick-
ness of the first magnetic layer, in um, is represented by
t1, a dry thickness of the second magnetic layer, in pm,
is represented by ti, the solid content of the first mag-
netic coating solution, in weight %, 1s represented by
W1, and the solid content of the second magnetic coat-
ing solution, in weight %, 1s represented by W», and the
t1, t2, Wy, and W3 have the following relation,

2.0=(t,/W1)/(12/ W2 =15.0.
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2. The medium of claim 1, wherein the relation i1s as
follows:

5.0=(t;/W,)/(t2/W2=10.0.

3. The medium of claim 1, wherein the dry thickness
of the first magnetic layer is 1.5 to 4.0 pm.

4. The medium of claim 1, wherein the dry thickness
of the second magnetic layer 1s 0.3 to 1.0 um.

5. The medium of claim 1, wherein the magnetic
layers contain a resin having a hydrophilic polar group.

6. The medium of claim 5, wherein said hydrophilic
polar group is selected from the group consisting of
—S0O3M, —COOM and —PO(OM’); wherein M repre-
sents a hydrogene atom, lithium, potassium or sodium,
and M’ represents a hydrogene atom, lithium, potas-
sium, sodium or a hydrocarbon group.

7. A method of manufacturing a magnetic recording
medium comprising coating onto a non-magnetic sup-
port a first magnetic layer by a first magnetic coating
solution and coating thereon a second magnetic layer by
a second magnetic coating solution, wherein a dry
thickness of the first magnetic layer, in um, is repre-
sented by ti, a dry thickness of the second magnetic
layer, in um, is represented by ta, the solid content of
the first magnetic coating solution, in weight %, 1s rep-
resented by Wi, and the solid content of the second
magnetic coating solution, in weight %, is represented
by W», and the t;, t3, Wi, and W> have the following
relation,

2.0=(t:,/W1)/(t2/ W2 =15.0.

8. The method of claim 7, wherein the relation is as
follows:

5.0= (1 /W1)/{tz/W2=10.0.

9. The method of claim 7 wherein the dry thickness of

40 the first magnetic layer is 1.5 to 4.0 pum.
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10. The method of claim 7, wherein the dry thickness
of the second magnetic layer 1s 0.3 to 1.0 um.

11. The method of claim 7, wherein the magnetic
layers contain a resin having a hydrophilic polar group.

12. The method of claim 11, wherein said hydrophilic
polar group is selected from the group consisting of
—SO3M, —COOM and —PO(OM’); wherein M repre-
sents a hydrogene atom, lithium, potassium or sodium,
and M’ represents a hydrogene atom, lithium, potas-

sium, sodium or a hydrocarbon group.
* ¥*¥ % *x %
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